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(57) Abstract: 

PROBLEM TO BE SOLVED: To produce an iron and rare earth based permanent 
magnet alloy which can relatively inexpensively be produced, and has 

excellent magnetic properties. 

SOLUTION: In the iron and rare earth based permanent magnet alloy, the 
compositional formula is expressed by (Fel-kTk) lOQ-x-y-zQx (Ndl-mRlm) yMz 
(wherein, T is one or two kinds of elements selected from the groups 
consisting of Co and Ni; Q is one or two kinds of elements selected from 




the groups consisting of B and C; Rl is one or more kinds of elements 
selected from the groups consisting of Y, Ce and La; and M is one or 

more kinds of elements selected from the groups consisting of Al, Si, 
Ti, V, Cr, Mn, Cu, Zn, Ga, Zr, Nb, Mo, Ag, Hf, Ta, W, Pt, Au and Pb) ; 
and, (x), (y), (z), (k) and (m) respectively satisfy 10<x<25 atomic %, 2 
<y<9. 5 atomic %, 0<z<10 atomic %, 0<k<0. 5, and 0<m<0. 15. 
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CLAIMS 

[Claim(s) ] 

[Claim 1] An empirical formula is 100 (Fel-kTk) -x-y-zQx (Ndl-mRlm) yMz 
(however, one sort or two sorts of elements and Q which were chosen from 
the group which T becomes from Co and nickel). One sort chosen from the 



group which consists of B or C, or two sorts of elements, and Rl One or 
more sorts of elements chosen from the group which consists of Y, Ce, 
and La, and M are expressed by one or more sorts of elements chosen from 
the group which consists of aluminum, Si, Ti, V, Cr, Mn, Cu, Zn, Ga, Zr, 
Nb, Mo, Ag, Hf, Ta, W, Pt, Au, and Pb. x y, z, k. And the iron machine 
rare earth system permanent magnet alloy with which m is satisfied of 
the following formula, respectively. 

10 — < — X <=25 atom %2 <=y<=9. 5 atom %0 <=z<=10 atom % — 
0<=k<=0. 50<m<=0. 15 — [Claim 2] The iron machine rare earth system 
permanent magnet alloy according to claim 1 with which said m fills 
0. 01<=m<=0. 15. 

[Claim 3] Said M is an iron machine rare earth system permanent magnet 
alloy according to claim 1 or 2 which surely contains Ti. 
[Claim 4] The iron machine rare earth system permanent magnet alloy 
according to claim 3 characterized by the presentation ratio of said Ti 
being below 7. 0 atom % more than 0. 5 atom %. 

[Claim 5] the iron machine rare earth system permanent magnet alloy 
according to claim 1 with which said empirical formula is expressed with 
100 (Fel-kTk) -x-y-zQx (Ndl-m-nRlmR2n) yMz, including further the rare 
earth elements R2 (R2 [ however, ] — one sort of Pr, Dy, and Tb, or two 
sorts or more) of a different class from said rare earth elements Rl, 
and n is satisfied of the following value. 

0< n<=0. 25 — [Claim 6] The iron machine rare earth system permanent 
magnet alloy according to claim 5 with which said m and n are satisfied 

of the following formula. 

0<m+n<=0. 25 — [Claim 7] An empirical formula is 100 (Fel-kTk) -x-y-zQx 
(Ndl-mRlm) yMz (however, one sort or two sorts of elements and Q which 
were chosen from the group which T becomes from Co and nickel). One sort 
chosen from the group which consists of B or C, or two sorts of elements, 
and Rl One or more sorts of elements chosen from the group which 
consists of Y, Ce, and La, and M are expressed by one or more sorts of 
elements chosen from the group which consists of aluminum. Si, Ti, V, Cr, 
Mn, Cu, Zn, Ga, Zr, Nb, Mo, Ag, Hf, Ta, W, Pt, Au, and Pb. x y, z, k. 
And the process for which m prepares the molten metal of an iron machine 
rare earth raw material alloy which satisfies 10<x <=25 atom %2 <=y<=9. 5 
atom %0 <=z<=10 atom %0 <=k<=0. 50<m<=0. 15, respectively, Said alloy 
molten metal is supplied on a guidance means, and the longitudinal 
direction flow of said alloy molten metal is formed on said guidance 
means. By it The manufacture approach of the iron machine rare earth 
system permanent magnet alloy which includes the process which moves 
said alloy molten metal to a surface of action with a cooling roller. 



and the cooling process which produces the quenching alloy which 
quenches said alloy molten metal with said cooling roller, and contains 

a Nd2Fel4B mold compound phase. 

[Claim 8] The rare earth magnet produced by carrying out heat-of- 
crystallization processing of the iron machine rare earth system 
permanent magnet alloy produced using the manufacture approach according 
to claim 7. 

[Translation done. ] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may 
not reflect the original precisely. 

2. shows the word which can not be translated. 

3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the rare earth system 
permanent magnet alloy which contains especially rare earth elements 
other than Nd as an impurity about the iron machine rare earth system 
permanent magnet alloy containing Nd, and its manufacture approach. 
[0002] 

[Description of the Prior Art] In recent years, in the device for 
household electric appliances, OA equipment, electronic autoparts, etc. , 
much more high-performance-izing and small lightweight-ization are 
demanded. Therefore, about the permanent magnet used for these devices, 

it is required that making the engine-performance tare quantitative 
ratio as the whole magnetic circuit into max should be called for, for 
example, a residual magnetic flux density Br should use the permanent 
magnet more than 0. 5T (tesla). However, depending on the conventional 
comparatively cheap hard ferrite magnet, a residual magnetic flux 
density Br cannot be carried out more than 0. 5T. 

[0003] As a permanent magnet which has current and the high residual 
magnetic flux density Br beyond 0. 5T, the Sm-Co system magnet produced 



by powder-metallurgy processing is known. Except a Sm-Co system magnet, 
the Nd-Fe-B system magnet produced by powder-metallurgy processing and 
the Nd-Fe-B system quenching magnet produced by the melt quenching 
method demonstrate the high residual magnetic flux density Br. The 
former Nd-Fe-B system magnet is indicated by JP, 59-46008, A, and the 
latter Nd-Fe-B system quenching magnet is indicated by JP, 60-9852, A. A 
Nd-Fe-B system magnet is an iron machine rare earth alloy magnet which 
contains cheap Fe as a principal component, and can be produced at a low 
price compared with a Sm-Co system magnet. 

[0004] As a Nd-Fe-B system magnet, the concentration of rare earth 
elements has a presentation low in comparison, i. e. , the near 
presentation of Nd3. 8Fe 77. 2B19 (atomic %), and the magnet ingredient 
which makes a Fe3B mold compound the main phase is known (J. de Phys, 
such as R. Coehoorn, C 8 and 1998, 669-670 pages) . By performing heat-of- 
crystallization processing to the amorphous alloy produced with the melt 
quenching method, this permanent magnet ingredient has the metastable 
structure formed from the fine crystal aggregate with which the Nd2Fel4 
B phase which is Fe3 B phase and hard magnetism which are soft magnetism 
is intermingled, and is called the ^^nano composite magnet. Although 
having the high residual magnetic flux density Br beyond IT is reported 
about such a nano composite magnet, the coercive force HcJ is 
comparatively as low as 160 kA/m - 240 kA/m. Therefore, use of this 
permanent magnet ingredient is restricted to the application from which 
the magnetic operating point becomes one or more. 
[0005] 

[Problem (s) to be Solved by the Invention] As mentioned above, although 
a Nd-Fe-B system magnet is cheaply producible compared with a Sm-Co 
system magnet, it has the problem that the costs which the production 
process of a Nd-Fe-B system magnet takes are high. It is mentioned that 
a large-scale facility and a great process are needed for separation 
purification and the reduction reaction of Nd as one of the reasons nil 
why production process costs are high. 

[0006] When producing the above nano composite magnets, as an ingredient 
containing rare earth elements, Nd ingredient of a high grade (99 or 8% 
of for example, purity) is used in fact in many cases. Thus, the reason 
using Nd ingredient of a high grade is that there was a possibility that 
the magnetic properties (coercive force HCJ etc.) of the magnet alloy 
obtained might fall greatly when impurities, such as other rare earth 
elements (for example. La, Ce), were contained in the ingredient in 
addition to Nd made indispensable in order to form Nd2Fel4 B phase. When 
there are comparatively few amounts of Nd as [ below ] 9. 5 atom % and La 



and Ce are contained especially, the fall of coercive force is 

Therefore, even if it might use the Nd-Fe alloy and the 
didym alloy containing Nd and Pr, usually using the ingredient 
containing La or Ce was avoided as much as possible. 
[0007] La which was excellent in amorphous generation ability on the 
other hand when a nano composite magnet was produced is added into a raw 
material alloy. After producing the rapid solidification alloy which 
makes an amorphous phase the main phase by quenching the molten metal of 
the raw material alloy, Both Nd2Fel4 B phase and an alpha-Pe phase are 
deposited and grown up by heat-of-crystallization processing. Any phase 
and the technique made [ about dozens of nm ] detailed are also reported 
(). [ wcChan, ] [ et. al. "THE EFFECTS OFREFRACTORY METALS ON THE MAGNETIC 
PROPERTIES ] 0Falpha-Fe/R2Fel4B-TYPE NANOCOMPOSITES", IEEE, 
Trans. Magn. No. 5, INTERMAG. 99, Kyongiu, Korea pp. 3265-3267, 1999. However, 
in this paper, when making the presentation ratio of Nd which is rare 
earth elements increase from 9. 5at(s)% to 11.0at(s)% makes detailed both 
Nd2Fel4 B phase and an alpha-Fe phase, the desirable thing is taught. 
That is, when La of the specified quantity was added for the purpose of 
raising amorphous generation ability, it was difficult to produce the 
Nd-Fe-B system permanent magnet alloy which has desired magnetic 
properties, lessening the amount of Nd comparatively. When making the 
amount of Nd increase, the problem that a manufacturing cost rises 
arises. 

[0008] This invention is made in view of these many points, and the main 
purpose is in offering the Nd-Fe-B system permanent magnet alloy 
excellent in the magnetic properties which can be produced comparatively 
at a low price. 
[0009] 

[Means for Solving the Problem] An empirical formula the iron machine 
rare earth system permanent magnet alloy by this invention lOO(Fel-kTk)- 
x-y-zQx yMz (Ndl-mRlm) (However, one sort or two sorts of elements and Q 
which were chosen from the group which T becomes from Co and nickel) One 
sort chosen from the group which consists of B or C, or two sorts of 
elements, and Rl One or more sorts of elements chosen from the group 
which consists of Y, Ce, and La, and M are expressed by one or more 
sorts of elements chosen from the group which consists of aluminum. Si, 
Ti, V, Cr, Mn, Cu, Zn, Ga, Zr, Nb, Mo, Ag, Hf, Ta, W, Pt, Au, and Pb. x 
y, z, k. And m satisfies 10< x<=25 atom %, 2<=y<=9. 5 atom %, 0<=z<=10 
atom %, 0<=k<=0. 5, and 0< m<=0. 15, respectively. 

[0010] In a desirable operation gestalt, said m fills 0. 01<=m<=0. 15. 
[0011] In a desirable operation gestalt, said M surely contains Ti. 



[0012] In a desirable operation gestalt, it is characterized by the 
presentation ratio of said Ti being below 7. 0 atom % more than 0. 5 
atom %. 

[0013] in a desirable operation gestalt, including further the rare 
earth elements R2 (R2 [ however, ] — one sort of Pr, Dy, and Tb, or two 
sorts or more) of a different class from said rare earth elements Rl, 
said empirical formula is expressed with 100(Fel-kTk)-x-y-zQx (Ndl-m- 
nRlmR2n) yMz, and n satisfies 0< n<=0. 25. 

[0014] In a desirable operation gestalt, said m and n satisfy 
0<m+n<=0. 25. 

[0015] The manufacture approach of the iron machine rare earth system 
permanent magnet alloy of this invention An empirical formula is 
100 (Fel-kTk) -x-y-zQx (Ndl-mRlm) yMz (however, one sort or two sorts of 
elements and Q which were chosen from the group which T becomes from Co 
and nickel). One sort chosen from the group which consists of B or C, or 
two sorts of elements, and Rl One or more sorts of elements chosen from 
the group which consists of Y, Ce, and La, and M are expressed by one or 
more sorts of elements chosen from the group which consists of aluminum, 
Si, Ti, V, Cr, Mn, Cu, Zn, Ga, Zr, Nb, Mo, Ag, Hf, Ta, W, Pt, Au, and Pb. 
X y, z, k, And the process for which m prepares the molten metal of an 
iron machine rare earth raw material alloy which satisfies 10< x<=25 
atom %, 2<=y<=9. 5 atom %, 0<=z<=10 atom %, 0<=k<=0. 5, and 0< m<=0. 15, 
respectively. Said alloy molten metal is supplied on a guidance means, 
and the longitudinal direction flow of said alloy molten metal is formed 
on said guidance means. By it The process which moves said alloy molten 
metal to a surface of action with a cooling roller, and the cooling 
process which produces the quenching alloy which quenches said alloy 
molten metal with said cooling roller, and contains a Nd2Fel4B mold 
compound phase are included. 

[0016] The rare earth magnet of this invention is produced by carrying 
out heat-of-crystallization processing of the iron machine rare earth 
system permanent magnet alloy produced using the above-mentioned 
manufacture approach. 
[0017] 

[Embodiment of the Invention] The invention-in-this-application person 
examined the threshold limit value of the rare earth elements which may 
be mixed as an impurity in addition to Nd from which the iron machine 
boride phase and alpha-Pe phase which are ferromagnetism as well as the 
Nd2Fel4B mold compound phase which has ferromagnetism become 
indispensable in the iron machine rare earth system permanent magnet 
alloy intermingled in the same metal texture. Consequently, if maximum 



energy product (BH) max in the case of the whole quantity Nd is made 
into 100%, in order to stop the decreasing rate of maximum energy 
product (BH) max within 20%, this invention was completed for it being 
necessary to make the rate of the rare earth impurity (Y, La, Ce) 
occupied to total rare earth concentration less than 15% by the header 
and it. 

[0018] According to this invention, an empirical formula 100(Fel-kTk)-x- 
y-zQx yMz (Ndl-mRlm) (However, one sort or two sorts of elements and Q 
which were chosen from the group which T becomes from Co and nickel) One 
sort chosen from the group which consists of B or C, or two sorts of 
elements, and Rl One or more sorts of elements chosen from the group 
which consists of Y, Ce, and La, and M are expressed by one or more 
sorts of elements chosen from the group which consists of aluminum. Si, 
Ti, V, Cr, Mn, Cu, Zn, Ga, Zr, Nb, Mo, Ag, Hf, Ta, W, Pt, Au, and Pb. x 
y, z, k, And the iron machine rare earth system permanent magnet alloy 
with which m is satisfied of 10< x<=25 atom % (at%), 2<=y<=9. 5 atom %, 
0<=z<=10 atom %, 0<=k<=0. 5, and 0< m<=0. 15, respectively is offered. 
[0019] The most characteristic point about this invention is holding 
down the content to less than [ 15at% ] by the ratio to the total amount 
containing Nd of rare-earth-elements R, when one or more sorts of 
elements Rl chosen from the group which the amount of Nd becomes from Y, 
Ce, and La as a rare earth impurity Rl in less than [ 9. 5at% ] and 
comparatively few rare earth magnet alloys are mixed. Although the iron 
machine rare earth system permanent magnet alloy of this invention 
contains the above-mentioned rare earth impurity Rl, since there are 
comparatively few the amounts as less than [ of the amount of all rare 
earth elements / 15at% ], compared with the case where the whole 
quantity is Nd, the decreasing rate of maximum energy product (BH) max 
is stopped to about 20%. Moreover, as long as the iron machine rare 
earth system permanent magnet alloy of this invention is within the 
limits, it may contain [ above-mentioned ] comparatively little Y, Ce, 
and La, and not using Nd ingredient of a high grade, it also enables 
to produce the high Nd-Fe-B system magnet alloy of magnetic properties. 
[0020] The rare earth system permanent magnet alloy of this invention 
may be produced using Nd content ingredient of low purity which can be 
got comparatively cheaply as a raw material of Nd. For example, although 
it is known that La and Ce are included besides Nd, if the amount of La 
and Ce is less than [ of the amount of the whole rare earth elements 
containing Nd / 15at% ], a misch metal does not need purification of Nd 
but this can be used for it. Moreover, if the amount which added La and 
Ce together is adjusted to less than [ of the amount of the whole rare 



earth elements / 15at% ] as a whole by using combining Nd ingredient of 
a high grade more even if it is the case where a misch metal contains 
comparatively many La(s) and Ce(s), the rare earth magnet alloy which 
has desired magnetic properties using this can be produced, without 
refining Nd. Thereby, it becomes possible to reduce a manufacturing cost 
sharply. 

[0021] In addition, if the amount of rare earth impurities, such as La 
and Ce, increases when producing a nano composite magnet with a melt 
quenching method, the fall of coercive force HCJ and the fall of the 
square shape nature of a demagnetization curve will arise. When Ti of 
the specified quantity (for example, 0.5 - 7. Oat%) is especially added 
as an alloying element M, it is important to set the amount of La or Ce 
as predetermined within the limits. Hereafter, the Nd-Fe-B system magnet 
containing Ti is explained. 

[0022] In order to make amorphous the molten metal of a Nd-Fe-B system 
rare earth alloy with a comparatively late cooling rate, it is desirable 
to add more B (boron) than 10 atom %. It is because B has the operation 

which raises the amorphous generation ability of an alloy. However, 
since the amorphous phase which exists in a quenching alloy will surely 
contain B superfluously when many B is added in this way, this B is 
considered to combine with other elements by subsequent heat-of- 
crystallization processing, and to deposit and become easy to grow up. 
Thus, since a nonmagnetic amorphous phase with high B concentration will 
remain all over a metal texture and a homogeneous fine crystal 
organization will not be obtained even after performing heat-of- 
crystallization processing if B contained in the amorphous phase before 
heat treatment and other elements join together and the low boride of 
magnetization is generated, magnetization will fall as the whole magnet. 
[0023] On the other hand, when Ti is added, unlike the case where the 
metal of other classes, such as V, Cr, Mn, Nb, and Mo, is added instead 
of Ti, the fall of magnetization does not arise but magnetization 
improves rather. Moreover, when Ti is added, compared with other above- 
mentioned alloying elements, the square shape nature of a 
demagnetization curve will become good especially, the boron to which 
the increment in this magnetization exists in a rapid solidification 
alloy by work of Ti — boride phases, such as ferromagnetic iron machine 
boride, are generated from a rich nonmagnetic amorphous phase, and it is 
thought that it was obtained since the rate of a volume ratio of the 
nonmagnetic amorphous phase which remains after heat-of-crystallization 
processing was decreased. 

[0024] Especially when there are little B and Ti among the presentation 



range of a magnet alloy in comparison, the iron machine boride phase 
which has ferromagnetism by heat treatment tends to deposit. In this 
case, since the rate of a volume ratio of a nonmagnetic amorphous phase 
which remains after heat-of-crystallization processing decreases as a 
result of incorporating B contained in a nonmagnetic amorphous phase in 
iron machine boride, and a ferromagnetic crystal phase increases, a 
residual magnetic flux density Br improves. 

[0025] Moreover, if Ti is added, grain growth of each configuration 
phase will be controlled in a temperature field higher than the 
temperature to which alpha-Fe deposits, and the outstanding hard 
magnetic property will be demonstrated. And ferromagnetic phases other 
than Nd2Fel4 B phase or an alpha-Pe phase are generated, and it becomes 
possible to form the organization containing three or more kinds of 
ferromagnetic phases in an alloy by it. When it replaces with Ti and 
metallic elements, such as Nb, V, and Cr, are added, as a result of 
grain growth of an alpha-Fe phase advancing remarkably in a 
comparatively high temperature field in which an alpha-Fe phase deposits 
and the magnetization direction of an alpha-Fe phase no longer being 
effectively restrained by switched connection with a hard magnetism 
phase, the square shape nature of a demagnetization curve falls greatly. 
[0026] In addition, although it is possible to obtain the good hard 
magnetic property excellent in the square shape nature of a 
demagnetization curve if it heat-treats in the comparatively low 
temperature field in which alpha-Fe does not deposit when Nb, Mo, and W 
are added without adding Ti With the alloy which heat-treated at such 
temperature, it is presumed that the R2Fel4B mold fine crystal phase 
distributes and exists in a nonmagnetic amorphous phase, and the 
configuration of a nano composite magnet is not formed. Moreover, if it 
heat-treats at higher temperature, an alpha-Fe phase deposits out of an 
amorphous phase. Unlike the case where Ti is added, after a deposit, 
this alpha-Fe phase grows rapidly and is made big and rough. For this 
reason, the magnetization direction of an alpha-Fe phase will no longer 
be effectively restrained by switched connection with a hard magnetism 
phase, and the square shape nature of a demagnetization curve will 
deteriorate greatly. 

[0027] Thus, only when Ti is added, big and rough-ization of an alpha-Fe 
phase is controlled appropriately, and it becomes possible to form 
ferromagnetic iron machine boride. Furthermore, in order for Ti to delay 

crystallization of Fe primary phase (gamma-Fe which metamorphoses into 
alpha-Fe behind) at the time of liquid quenching, to consider as the 
element which makes generation of a supercooled liquid easy and to carry 



out important work with B, It becomes possible to produce the quenching 
alloy with which an R2Fel4B mold crystal phase and an amorphous phase 
are intermingled, without depositing alpha-Fe, even if it makes the 
cooling rate at the time of quenching an alloy molten metal into the 
comparatively low value of 1x103 degrees C/second - about 8x104 degrees 
C/second. Especially this is important for low-cost-izing in order to 
enable adoption of the strip cast method for having been suitable for 
mass production out of various melt quenching methods. 
[0028] Thus, when Ti is added, using a raw material alloy with 
comparatively few (less than [ 9. 5at% ]) amounts of rare earth elements, 
magnetization (residual magnetic flux density) and coercive force are 
high, and can mass-produce the permanent magnet excellent also in the 
square shape nature of a demagnetization curve. 

[0029] In addition, when Ti is included, the compounds (TiB2 etc. ) which 
Ti and B combined become high compared with the molten metal of the iron 
machine rare earth magnet raw material alloy with which it is easy to be 
formed in a molten metal, consequently the liquidus-line temperature of 
a molten metal has the conventional presentation. On the other hand, if 
C (carbon) is added, since the liquidus-line temperature of an alloy 
molten metal will fall, even if it reduces the part and tapping 
temperature, molten metal viscosity hardly increases. Therefore, it 
becomes possible to perform continuously tapping stabilized when a 
quenching alloy was produced by the strip cast method etc. While 
preventing coiling round by the roll since sufficient cooling can be 
attained on the surface of a cooling roller if tapping temperature 
becomes low, it becomes possible to make a rapid solidification alloy 
organization homogeneity detailed. 

[0030] As mentioned above, in the Nd-Fe-B system magnet alloy containing 
Ti, using a raw material alloy with comparatively few (less than 
[ 9. 5at% ]) amounts of rare earth elements, magnetization (residual 
magnetic flux density) and coercive force are high, and can mass-produce 
the permanent magnet excellent also in the square shape nature of a 
demagnetization curve. Therefore, with the desirable operation gestalt 
of this invention, a magnet alloy contains Ti as an alloying element. If 
the amount is less than [ of the whole rare earth elements / 15at% ] 
even if the rare earth impurity Rl chosen from the group which consists 
of Y, La, and Ce is mixing when it contains Ti, it is possible to 
produce the permanent magnet excellent in the magnetic properties 
suitable for practical use. In addition, according to the experiment of 
this invention person, it turned out that the effectiveness of the 
improvement in magnetic properties obtained by addition of above Ti 



falls greatly by La or Ce. Therefore, when Ti is added, especially the 
thing for which the amount of La or Ce is controlled is important. 
[0031] The rare earth system magnet alloy of [reason for limitation of 
presentation] this invention contains Y, La, and Ce of the amount of the 
specific range as a rare earth impurity Rl while containing Nd as 
indispensable as rare earth elements R. Furthermore, Pr, Tb, and Dy of 
the amount of the specific range may be included as a rare earth 
impurity R2 of other classes. Since the compound phase in which the 
amount of the rare earth elements R which set Nd and a rare earth 
impurity (Rl, or Rl and R2) has the Nd2Fel4B mold crystal structure less 
than [ 2at% ] by the presentation ratio does not deposit enough, hard 
magnetic property is not obtained. Moreover, if the amount of rare earth 
elements R exceeds 9. 5at(s)% by the presentation ratio, since iron and 
iron machine boride does not deposit, it will not become a nano 
composite organization and high magnetization will not be obtained. For 
this reason, the presentation ratio of rare earth elements R is set as 
the range not more than more than 2at%9. 5at%. Less than [ more than 
3at%9. 5at% ] is preferably good. Less than [ more than 4at%9. 2at% ] is 
still more preferably good. 

[0032] Since He J will fall sharply if the content of the rare earth 
impurity Rl (Y, La, Ce) to all the rare earth elements R exceeds 
15at(s)%, the content must be less than [ 15at% ]. That is, when the 
rare earth elements R in an alloy are expressed with (Ndl-mRlm), 0< 
m<=0. 15 is filled. Moreover, in order to reduce a manufacturing cost, as 
long as desired magnetic properties are acquired, there may be many 
amounts of the rare earth impurity Rl. It is because can also use 
comparatively cheap ingredients, such as a misch metal, not using Nd 
ingredient of a high grade. For this reason, Above m may be 
0. 01<=m<=0. 15. In order to produce a magnet alloy by low cost 
furthermore. Above m may be 0. 05<=m<=0. 15. 

[0033] Moreover, if the content of R2 to all the rare earth elements R 
exceeds 25at(s)% when the rare earth impurity R2 (Pr, Tb, Dy) is 
included, the square shape nature of a demagnetization curve will 
deteriorate greatly, and (BH) max will fall 20% or more compared with 
maximum energy product (BH) max in the case of being the whole quantity 
Nd. For this reason, as for the content of the rare earth impurity R2 to 
total rare earth concentration, it is desirable that it is less than 
[ 25at% ]. That is, when the rare earth elements R in an alloy are 
expressed with (Ndl-m-nRlmR2n) , it is desirable to fill 0< n<=0. 25. 
Moreover, HcJ can be improved, without being accompanied by big 
degradation of the square shape nature of a demagnetization curve about 



Tb and Dy, if the content of the rare earth impurity R2 is less than 
[ 20at% ] (n<=0. 20). Thus, as long as the content of the rare earth 
impurity R2 is adjusted by less than [ 25at% ], the magnet alloy which 
has desired magnetic properties using Nd ingredient with comparatively 
low purity (for example, didym alloy which contains Pr as impurities 
other than Nd) is producible. From a viewpoint of reducing a 
manufacturing cost, as for the content n of R2, it is desirable that it 
is 0. 05<=n<=0. 25, and it is desirable that it is further 0. l<=n<=0. 25. 
[0034] When many, it becomes impossible in addition, for the amount 
which set the above-mentioned rare earth impurities Rl and R2 to produce 
the magnet alloy which has the magnetic properties suitable for 
practical use to the amount of Nd. For this reason, as for content m+n 
of Rl and R2 to the rare-earth-elements R whole quantity, it is 
desirable that it is 0<m+n<=0. 25. Moreover, from a viewpoint of carrying 
out manufacture cost reduction, it is still more desirable that it is 
0. 1 <=m+n<=0. 25. 

[0035] When a melt quenching method is used for B less than [ 10at% ], 

amorphous-ization does not promote or the uniform fine crystal 
organization of nano order is not obtained. Consequently, the nano 
composite organization which has the square shape nature of a good 
demagnetization curve is not formed after the optimal heat-of- 
crystallization processing, and the outstanding hard magnetic property 
is not obtained. Moreover, if the presentation ratio of B exceeds 
25at(s)%, a Nd2Fel4B mold compound phase will not deposit, and hard 
magnetic property will not be obtained. Therefore, the presentation 
ratio of B is set up that it is less than [ 25at% ] more greatly than 
10at%. It is good for setting it as less than [ 20at% ] preferably more 
greatly than 10at% to set it as the range not more than more than 
10. 5at%20at% at best still more preferably. In addition, 50% of B may be 
permuted by C, and magnetic properties and a metal texture are not 
affected in this case. 

[0036] Although Fe occupies the remainder of an above-mentioned element 
substantially, even if it permutes a part of Fe by one sort of Co and 
nickel, or two sorts, it can obtain desired hard magnetic property. 
However, since it becomes impossible to obtain the residual magnetic 
flux density Br beyond 0. 51 when the amount of permutations to Fe 
exceeds 50%, the amount of permutations is limited to 50% or less of 
range 0% or more. In addition, in permuting Co, while improving, thermal 
resistance improves by the thing which is HcJ and which the Curie 
temperature of Nd2Fel4 B phase rises. The range where this amount of 
permutations is desirable is 15% or less 0. 5% or more. 



[0037] Moreover, although magnetic properties improve and also the 
effectiveness of expanding the optimal heat-treatment-temperature region 
is acquired as an alloying element M by adding one sort or two sorts or 
more of elements of aluminum, Si, Ti, V, Cr, Mn, Cu, Zn, Ga, Zr, Nb, Mo, 
Ag, Hf, Ta, W, Pt, Au, and Pb If the presentation ratio of an alloying 
element M exceeds 10at(s)%, in order to cause the fall of magnetization, 
it is limited to less than [ more than Oat%10at% ]. Preferably, it is 
set as less than [ more than 0. lat%5at% ]. Although an alloying element 
M surely contains Ti with a desirable operation gestalt, as for the 
presentation ratio of Ti, it is desirable that it is less than [ more 
than 0. 5at%7. Oat% ] . 

[0038] Hereafter, 1 operation gestalt of this invention is explained. 
With this operation gestalt, the Nd-Fe-B system magnet alloy which has 
the above-mentioned presentation using the quenching equipment shown in 
drawing 1 , for example is manufactured. In order to prevent oxidation 
of the magnet alloy containing Nd which is easy to oxidize, or Fe, an 
alloy production process is performed in an inert gas ambient atmosphere. 
As inert gas, rare gas and nitrogen, such as helium or an argon, can be 
used. In addition, as for nitrogen, it is desirable to use rare gas, 
such as helium or an argon, in order to tend to react in comparison with 
Nd. 

[0039] The equipment of [liquid quenching equipment] drawing 1 held the 
vacuum or the inert gas ambient atmosphere, and is equipped with the 

dissolution room 1 and the quenching room 2 of the raw material alloy 
which can adjust the pressure. Drawing 1 (a) is a whole block diagram, 
and drawing 1 (b) is some enlarged drawings. 

[0040] As shown in drawing 1 (a), the dissolution room 1 is equipped 
with the fusion furnace 3 which dissolves the raw material 20 blended so 
that it might become a desired magnet alloy presentation at an elevated 
temperature, the hot-water-storing container 4 which has the tapping 
nozzle 5 at the pars basilaris ossis occipitalis, and the combination 
feeding equipment 8 for supplying a feed ingredient in a fusion furnace 
3, controlling atmospheric penetration. The hot-water-storing container 
4 stores the molten metal 21 of a raw material alloy, and has the 
heating apparatus (un-illustrating) which can maintain the tapping 
temperature on predetermined level. 

[0041] The quenching room 2 is equipped with the rotation cooling roller 
7 for carrying out the rapid solidification of the molten metal 21 which 
came out of the tapping nozzle 5. 

[0042] In this equipment, the ambient atmosphere in the dissolution room 
1 and the quenching room 2 and its pressure are controlled by the 



predetermined range. Therefore, controlled atmosphere feed hopper lb, 2b 
and 8b, and the flueing openings la, 2a, and 8a are formed in the 
suitable part of equipment. Especially flueing opening 2a is connected 
to the pump in order to control the absolute pressure in the quenching 
room 2 within the limits of 30kPa(s) - ordinary pressure (atmospheric 
pressure) . 

[0043] A fusion furnace 3 can be tilted and pours in a molten metal 21 
suitably in the hot-water-storing container 4 through a funnel 6. A 
molten metal 21 is heated by non-illustrated heating apparatus in the 

hot-water-storing container 4. 

[0044] The tapping nozzle 5 of the hot-water-storing container 4 is 
arranged at the septum of the dissolution room 1 and the quenching room 
2, and makes the front face of a cooling roller 7 in which it is located 
caudad flow down the molten metal 21 in the hot-water-storing container 
4. The diameter of an orifice of the tapping nozzle 5 is 0. 5-2. 0mm. With 
this operation gestalt, when the viscosity of a molten metal 21 is large, 
although a molten metal 21 stops being able to flow easily in the inside 
of the tapping nozzle 5, in order to hold the quenching room 2 in the 
pressure condition lower than the dissolution room 1, differential 
pressure is formed between the dissolution room 1 and the quenching room 
2, and tapping of a molten metal 21 is performed smoothly. 
[0045] As for a cooling roller 7, it is desirable to form from the alloy 
containing Cu, Fe or Cu, or Fe. If a cooling roller is produced with 
ingredients other than Cu or Fe, since the detachability over the 
cooling roller of a quenching alloy will worsen, it is [ a possibility 
that a quenching alloy may coil around a roll ] and is not desirable. 
The diameter of a cooling roller 7 is 300-500mm. The water-cooled 
capacity of a water cooler established in the cooling roller 7 is 
computed and adjusted according to the coagulation latent heat and the 
amount of tapping per unit time amount. 

[0046] According to the equipment shown in drawing 1 , the rapid 

solidification of a total of the 10kg raw material alloy can be carried 
out, for example in 10 - 20 minutes. In this way, the formed quenching 
alloy serves as the alloy thin band (thickness ^ 10-300micrometer and 
width-of-face:2mm-3mm) (alloy ribbon) 22. 

[0047] [Melt quenching method] The molten metal 21 of the raw material 
alloy expressed with the above-mentioned empirical formula is produced 
first, and it stores in the hot-water-storing container 4 of the 
dissolution room 1 of the liquid quenching equipment shown in drawing 1 . 
Next, tapping of this molten metal 21 is carried out from the tapping 
nozzle 5 on the water-cooled roll 7 in a reduced pressure Ar ambient 



atmosphere, and contact to a cooling roller 7 quenches it, and it is 
solidified. It is necessary to use the approach of controlling a cooling 
rate with high precision as the rapid solidification approach. 
[0048] In the case of this operation gestalt, it is desirable to carry 
out a cooling rate on the occasion of the cooling coagulation of a 
molten metal 21 in 1x102 to 1x108 degrees C/second, and it is still more 
desirable to carry out in 1x104 to 1x106 degrees C/second. 
[0049] The time amount by which the molten metal 21 of an alloy is 
cooled with a cooling roller 7 is equivalent to time amount after an 
alloy contacts the periphery front face of the rotating cooling roller 7 
until it separates, and between them, the temperature of an alloy falls 
and will be in a supercooled liquid condition. Then, the alloy of a 
supercooling condition separates from a cooling roller 7, and flies the 
inside of an inert atmosphere. As a result of heat' s being taken by the 
controlled atmosphere while the alloy is flying with thin band-like one, 
the temperature falls further. Since the pressure of a controlled 
atmosphere is set up within the limits of 30kPa(s) - ordinary pressure, 
the cooling effectiveness by the controlled atmosphere can become strong, 
and it can be made to deposit and grow up uniformly [ a Nd2Fel4B mold 
compound ] minutely into an alloy with this operation gestalt. In 
addition, when a suitable quantity of Ti is added in a raw material 
alloy, in order that it may set in the quenching alloy which passed 
through a cooling process which was mentioned above and alpha-Fe may not 
deposit and grow preferentially, a final magnet property improves. 
[0050] With this operation gestalt, in order to adjust roll surface 
velocity a second within the limits of 10m /or more 30m/second or less 
and to heighten the secondary-cooling-of-concrete effectiveness by the 
controlled atmosphere, the quenching alloy containing a detailed R2Fel4B 
mold compound phase with a mean particle diameter of 50nm or less is 
produced by setting the ambient-gas-pressure force to 30 or more kPas. 
[0051] In addition, the quenching method of an alloy molten metal may 
not be limited to the above-mentioned piece rolling method, but may be 
the congruence rolling method, the gas atomizing method, the strip cast 
method that is an approach of not performing control of flow by the 
nozzle or the orifice, a cooling method which combined the rolling 
method and the gas atomizing method further. 

[0052] Also in the above-mentioned quenching method, the cooling rate of 
the strip cast method is comparatively low, and is 1x103 to 8x104 
degrees C/second. In addition, if a suitable quantity of Ti is added 
into an alloy, even when based on the strip cast method, the quenching 
alloy with which the organization which does not contain Fe primary 



phase occupies most can be formed. Since process costs are below one 
half extent of other melt quenching methods, the strip cast method is 
effective when producing a lot of quenching alloys compared with the 
piece rolling method, and is a technique suitable for fertilization. 
Since the metal texture containing many Fe primary phases generates even 
if it forms a quenching alloy using the strip cast method when not 
adding Ti to a raw material alloy, or when Cr, V, Mn, Mo, Ta, and/or W 
are added instead of Ti, a desired metal texture cannot be formed. 
[0053] With [heat treatment] book operation gestalt, heat treatment is 
performed in argon atmosphere. Preferably, a programming rate is carried 
out in 5 degrees C/second - 20 degrees C/second, and at 550-degree-C or 
more temperature of 850 degrees C or less, 30 seconds or more, after 
[ 20 or less minutes ] carrying out time amount maintenance, it cools to 
a room temperature. Of this heat treatment, into an amorphous phase, the 
fine crystal of a metastable phase deposits and grows and nano composite 
organization is formed. With this operation gestalt, it is at the 
initiation time of heat treatment, and since the detailed Nd2Fel4B mold 
crystal phase has already existed, big and rough-ization of an alpha-Pe 
phase or other crystal phases is controlled, and each configuration 
phase other than a Nd2Fel4B mold crystal phase (soft magnetism phase) is 
made detailed by homogeneity. 

[0054] In addition, if heat treatment temperature is less than 550 
degrees C, many amorphous phases may remain and after heat treatment may 
not reach level with sufficient coercive force depending on quenching 
conditions. Moreover, if heat treatment temperature exceeds 850 degrees 
C, grain growth of each configuration phase will be remarkable, a 
residual magnetic flux density Br will fall, and the square shape nature 
of a demagnetization curve will deteriorate. For this reason, although 
550 degrees C or more 850 degrees C or less of heat treatment 
temperature are desirable, the range of more desirable heat treatment 
temperature is 570 degrees C or more 820 degrees C or less. 
[0055] With this operation gestalt, it deposits uniformly [ the Nd2Fel4B 
mold compound phase of amount sufficient in a quenching alloy ], and 
minutely for the secondary-cooling-of-concrete effectiveness by the 
controlled atmosphere. For this reason, even when not daring perform 
heat-of-crystallization processing to a quenching alloy, the rapid 
solidification alloy itself can demonstrate sufficient magnet property. 
Therefore, although heat-of-crystallization processing is not a process 
indispensable to this invention, in order for it to be improvement in a 
magnet property to perform this, it is desirable. In addition, it is 
possible for heat treatment of low temperature to also fully raise a 



magnet property as compared with the former. 

[0056] A heat treatment ambient atmosphere has desirable inert gas, such 
as Ar gas of 50 or less kPas, and N2 gas, in order to prevent oxidation 
of an alloy. 0. You may heat-treat in the vacuum of 1 or less kPa. 
[0057] In the quenching alloy before heat treatment, metastable phases, 
such as Fe3 B phase, Fe23 B6, R2Fel4 B phase, and an R2Fe23B three phase 
circuit, may be contained in addition to the Nd2Fel4B mold compound 
phase and the amorphous phase. In that case, by heat treatment, an 
R2Fe23B three phase circuit can disappear, and can carry out crystal 
growth of the iron machine boride (for example, Fe23 B6) and alpha-Fe 
which show the saturation magnetization of R2Fel4 B phase, equivalent, 
or saturation magnetization higher than it. 

[0058] Even if a soft magnetism phase like alpha-Fe finally exists in 
the case of this operation gestalt, in order that a soft magnetism phase 
and a hard magnetism phase may join together magnetically by the 
exchange interaction, outstanding magnetic properties are demonstrated. 
[0059] The diameter of average crystal grain of the Nd2Fel4B mold 
compound phase after heat treatment needs to be set to 300nm or less 
which is uniaxial crystal particle size, it is desirable that it is 
[ 20nm or more ] 150nm or less, and it is still more desirable that it 
is [ 20nm or more ] lOOnm or less. On the other hand, if the diameter of 
average crystal grain of a boride phase or an alpha-Fe phase exceeds 
50nm, since the exchange interaction committed to each configuration 
interphase will become weaker and the square shape nature of a 
demagnetization curve will deteriorate, (BH) max will fall. If these 
diameters of average crystal grain are less than Inm, it becomes 
impossible to acquire high coercive force. As for the diameter of 
average crystal grain of soft magnetism phases, such as a boride phase 
from the above thing, and an alpha-Fe phase, it is desirable that it is 
[ Inm or more ] 50nm or less, and it is still more desirable that it is 
[ 5nm or more ] 30nm or less. 

[0060] In addition, the thin band of a quenching alloy may be coarsely 

cut or ground before heat treatment. 

[0061] If the obtained magnet is pulverized after heat treatment and 
magnet powder (magnetic powder) is produced, various bond magnets can be 
manufactured according to a well-known process from the magnetic powder. 
When producing a bond magnet, it is mixed with an epoxy resin or Nylon 
and iron machine rare earth alloy magnetic powder is fabricated by the 
desired configuration. At this time, other magnetic powder, for example, 
Sm-Fe-N system magnetic powder, and hard ferrite magnetic powder of a 
class may be mixed to nano composite magnetic powder. 



[0062] Various kinds of rotating machines, such as a motor and an 
actuator, can be manufactured using an above-mentioned bond magnet. 
[0063] When using for injection-molding bond magnets the end of ^^^^^^ 
it produced, it is desirable to grind so that average grain size may be 
set to 200 micrometers or less, and the mean particle diameter of more 
desirable powder is 30 micrometers or more 150 micrometers or less. 
Moreover, when using for compression-molding bond magnets, it is 
desirable to grind so that grain size may be set to 300 micrometers or 
less, and the mean particle diameter of more desirable powder is 30 
micrometers or more 250 micrometers or less. The still more desirable 
range is 50 micrometers or more 200 micrometers or less. 
[0064] (An example and example of a comparison) The sample (No. 1-No. 16) 
of the magnet alloy which contains the rare earth impurity R as shown in 
the following table 1 and by which an empirical formula is expressed 
with 9(Ndl-mRm) Fe76B12Ti3 (at%) was produced. In order to produce each 
sample, weighing capacity (total amount of 30g) of the metal of B, Fe, 
Ti, Nd, and R (either Y, La, Ce, Pr, Tb or Dy) of 99. 5% or more of 
purity was carried out, respectively, and it was invested in the quartz 
crucible, in addition, Y among all the rare earth elements (Ndl-mRm) to 
which the content m is indicated to be the class of element of the rare 
earth impurity R by the column shown by R in Table 1, for example, 
''YO. 08'' contains Nd in it — 8at(s)% — it means being contained. 
[0065] Sample No. 1 shows the case of the whole quantity Nd which does 
not contain a rare earth impurity, sample No. 2-4, and 8-10 show the case 
where Y, La, or the Ce(s) are included as a rare earth impurity, and 
sample No. 5-7, and 11-16 show the case where Pr, Tb, or the D(ies) are 
included as a rare earth impurity. 
[0066] 
[Table 1] 
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[0067] Since the quartz crucible used for molten metal production has 
the orifice with a diameter of 0.8mm at the pars basilaris ossis 
occipitalis, after dissolving within a quartz crucible, the above- 
mentioned raw material serves as an alloy molten metal, and will be 
caudad dropped from an orifice. The pressure performed the dissolution 
of a raw material using the high-frequency-heating method to the bottom 
of the argon atmosphere of 40kPa(s). In this example, molten metal 
temperature was set as 1500 degrees C. 

[0068] It was made to flow down a molten metal to the peripheral face of 
the copper roll in the location of 0. 7mm of lower parts of an orifice by 
pressurizing the surface of hot water of an alloy molten metal by Ar gas 
of 26. 7kPa(s). A roll rotates, while the interior is cooled so that the 
temperature of the peripheral face may be maintained by room temperature 
extent. For this reason, the alloy molten metal which flowed down from 
the orifice will be flown in the peripheral-velocity direction, 
contacting a roll peripheral surface and heat being taken. Since an 
alloy molten metal is continuously dropped on a roll peripheral surface 
through an orifice, the alloy solidified by quenching will have the 
gestalt of the ribbon (width of face: 2-3mm, thickness :50-120micrometer) 
prolonged for a long time in thin band-like one. 
[0069] thus, when the organization of the obtained liquid crystal 
quenching alloy was questioned using the characteristic X ray of 
CuKalpha, any sample of No. I-No. 16 is a halo pattern, and was found by 
that the amorphous -like quenching alloy organization is formed. 
[0070] Next, the quenching alloy of No. 1-No. 16 was heat-treated in Ar 
gas. After specifically holding each quenching alloy for 6 minutes with 



the heat treatment temperature shown in the column of eye two trains 
from the left of the above-mentioned table 1, it cooled to the room 
temperature. Then, the magnetic properties of each sample were measured 
using the oscillatory type magnetometer. Three trains on the right-hand 
side of the above-mentioned table 1 show coercive force HCJ (kA/m), 
maximum energy product (BH) max (kj/m3), and a residual magnetic flux 
density Br (T), respectively. 

[0071] As shown in Table 1, when Rl (Y, La, Ce) is included as an 
impurity, the amount is 8at(s)% of the whole rare earth elements (No. 2- 
4), and when it is less than [ 15at% ], coercive force HCJ is high and 
it turns out that the value of maximum energy product (BH) max is not 
falling 20% or more compared with the case (No. 1) where the whole 
quantity of rare earth is Nd. On the other hand, when the amount of Rl 
is 17at(s)% (No. 8-10) and exceeds 15at(s)%, the value of maximum energy 
product (BH) max is falling greatly. 

[0072] Moreover, when R2 (Pr, Tb, Dy) is included as an impurity, the 

amount is 8at(s)% (No. 5-7) or 17at(s)% of the whole rare earth elements 
(No. 11-13), and when it is less than [ 25at% ], coercive force HCJ is 
high and it turns out that the value of maximum energy product (BH) max 
is not falling 20% or more compared with the case (No. 1) where the whole 
quantity of rare earth is Nd. On the other hand, when the amount of R2 
is 27at(s)% (No. 14-16) and exceeds 25at(s)%, the value of maximum energy 
product (BH) max is falling greatly. 

[0073] In addition, the characteristic X ray of CuKalpha also 
investigated the metal texture after heat treatment of the sample of 
No. 1-No. 16. Consequently, in which sample, R2Fel4 B phase, Fe23 B6, and 
Fe-B phase of Fe3B were checked, and the diffraction peak of remarkable 
alpha-Fe was also doubled and checked about No. 8-10 and No. 14-16. That 
is, when the rare earth impurities Rl and R2 are mixing exceeding a 
predetermined amount, it is thought that the effectiveness of Ti of 
controlling big and rough-ization of alpha-Fe is reduced greatly. 
[0074] 

[Effect of the Invention] The high permanent magnet of magnetic 
properties is producible, using the cheap low purity Nd in which also 
contains Y, Ce, and La not using the expensive high grade Nd, since 
according to this invention the permissible dose of Y, Ce, and La which 
are mixed as a rare earth impurity is specified when producing a Nd-Fe-B 
system magnet alloy. 
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DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] (a) is the sectional view showing the whole equipment 
example of a configuration used for the approach of manufacturing the 
quenching alloy for the iron machine rare earth alloy magnet by this 
invention, and (b) is an enlarged drawing of a part with which rapid 
solidification is performed. 
[Description of Notations] 

lb, 2b, 8b and 9b Controlled atmosphere feed hopper 
la, 2a, 8a, and 9a Flueing opening 

1 Dissolution Room 

2 Quenching Room 

3 Fusion Furnace 

4 Hot-Water-Storing Container 

5 Tapping Nozzle 

6 Funnel 

7 Rotation Cooling Roller 

21 Molten Metal 

22 Alloy Thin Band 
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0<mSO . 1 5 



mU-^^Mm^mm^mu-Mz X-yXm.i^L. N d 2 

^Kfzwmm±m^yy,xm:^^±^m^B{m.mm-^ ^ 

[000 1] 

±m^Mxmu^^ii i if^<^mm)m\<zm l . n 

[0002] 

im^^z-:>\-^x\i. m%m^^whLx<7i'i&mnm.m\: 
iWcMz-t h^h ^-^i^y i^tixa^. mummMm 

[0003] 0 . 5 Tmi<7)*V^®®MS^SB 

$tl.l>Sm-Co^M5>0>*a^.ixTV^I.<. Sm-Co^ 

mumvx'\t. fimh^&t^zx -oxi'm^ti^ii d - f 
e - B ^WB"^. WL^m^mz J; -D T-fm§ fi,^ n d - 

F e - B^mJi^jl5*^&V-^S^^l^^SB, 

-1.0 m^cninA-F e-BXEii. m/jmwms9 

-4 6 0 0 8-^i^$St3|l^§n.T*3'9. f*:#ONd-F 

e - B^m^m^imummm 60-935 2-^^KffB 

tM^^tLTV^S. Nd-Fe-B^^5ii:. SW^rF 
e &±)a!c3i-t LT#tfi^S#±3i^#il5T-*) D . Sm 
-Co ^jl5tCj:t^T ^ < Wmt ^^h ^-X- S -g> , 
[0 0 04] Nd-F e-B^^^Ei: tT. ^iJBx* 
<7)?ftS*^"i:b^Wt:lffiV^ffij3£. -ttch-h. Nds. sFe 
77.2B19 {m.^%) 03fif§fflB!c^iffe. FesBM-fk-^ 
l!l^±ffli:-r-Sll5WW*^"*n'?>nTV^S (R. Coehoom 
J. de Phys, C8,1998, 669~670H) » ic7)*.AM 

S F e 3 Bffifc it^TSffittT-J)?. N dj F e 1 4 BmifiWi^ 

-t^mm^^-^m- hm^&.^titzm^'^m:^ lt 
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^(Di^mtlU^ jlil 6 0kA/m— 24 OkA/mtit 
[00 0 5] 

i^mmmtx o b-t^mm^ ±j*co j; a tc. n d - 

F e--RWmEl±. Sm-C o^^5tCj:t^|.i;^ffit 
^•m^-l> i b htK N d - F e - B^a5i7)Mit 

[0 0 0 6] IMcOXo^i-y^y^'J-yhWGiim 

{4. ndiF QiiBmim^-ttfzi)b\,ZiS^m.b^Kt^ 

dWHz^ mcom±mjm imUt. La, Ce) ^rt' 

io^h -ifzt-^^^X'hh. mi^Z. N d <r)m.ti^ 9 . 5 MT%iiX 
Tbtm&'^'J'-^^^^. L a^C e:^)i-^4ixTV^^ bU 
mti<^i&Tt^<^t^. MoT. Nd-Fe^A^. 
N dis itJfP r ^-g-tfi^'i^'A-^^^ffll^^i i:(4^-5-r 

[0007] -^r. i-yay:f''J^y hm^ii^M^hi^ 

L . ^i01Sff-^#cO?t^2r.^-?^-r S i h i: -5 

^S'Bitmm^TNdi F e 14 BSS it/a - F e s 

mm^Xi^COb^^imi^m^^tlXi-^i, (W.C.Chan, e 
t.al. "THE EFFECTS OFREFRACTORY METALS ON THE MAGN 
ETIC PROPERTIES 0Fa-Fe/R2Fei4B-TYPE NANOCOMPOSITE 
S", IEEE, Trans. Magn. No. 5, INTERMAG. 99, Kyongi 
u, Korea pp. 3265-3267, 1999) » fzfzL. Zcr,m^lZ 
V -^T « , #±^7CST-*) •!> N d comt^Stm Sr 9 . 5 a 
t%J:'Ohll. 0 atXI^Ztmw^it^Zbt^NdiF 
e 1 4 B ffifc it^ce - F e ffic7)W:*r^ aSffl-ft-t^iT-jif i 
L\^^bmk^^1^tiX'^^h.. 't^j:ioib. r^;l-7r.x* 
^bi Se^i: LTFJr^Me^L a ^ ?asjn 

Lx^^h^^ui. Ndcom^imm'jf^^KLfztt 
x\ mm(7im^m^t:^h n d - f e - Bm^xmpB 

■^^iim-ti>zbiimmx-h'orz. Ndoa^msus 

[0008] :$:WMiU^i)>h^}^.izm^X^^^tlfzi>^ 

Th D . ^co^^^mm. immmmizjm-ti z b 
x-^ ^ m.m.mmz9fifz n d - f e - b ^^Am?6^^ 
im^-t^^bizh^. 



[0009] 

mm^mm-t^^fzibco^m :^mnzx^^^±m 

Q, (Ndi-„R1^) yM, (flL, T{4Co. Ni^-i^ 

trziici}^{^^^^m^^^mfK^tifzimtfzii2m<:o7z 

m. Rlli. Y. Ce. tiJ:r/i.a^^^^j:^m^^^MiK 
^tlfzimiil±C)7um. M(iA 1 , Si, T i , V, C 
r, Mn, Cu, Zn, Ga, Zr. Nb, Mo, A 
g, Hf , Ta, W, Pt, Au, Ph^^i^^^mt^^ 

mtK^ivtz imi^j.±<7yjum) xm^ti. x, y. z. 

i:iXt/m^^-tix-^'tl. 10<xS2 5JS^%, 2£ 
y^9. 5M^%. OgzglOM^%. O^kgO. 
5, iDj;?>'0<m^O. 1 5 SriiJ^-rS , 

[ 0 0 1 0 ] tV^^SmWti^t^T. lulEmj&iO . 
0 l^m^O. 1 5^m-fft. 

[ 0 0 1 1 ] * tv^HJfiJ^^tcioi^T, MiaMiiT i 

[ 0 0 1 2 ] LuiiiitJgsiti3i->-c. HuieT i com 
^mib-th. 

[ 0 0 1 3 ] * L^-^mmmm^zisi^x . mtm±m7€ 
mRibm^^mmco^±m7tmR2 (fit, R2it. 

Pr, Dy, Th(7)imtfzl,t2miiLt) ?r§^>t# 

KiiBfflJS;^*^' (F ei-kTi,) loo-x-y-zQx (Nd 
i^^-„Rl^R2n) yM^X-m^tl. n>{)i'0<nSO. 2 
5^}S^^§. 

[ 0 0 1 4 ] iffi L^^mmmmi,zm^x . mtimiixx/ 

n:*i"0<m + ng0 . 2 5^vllJ£t-^, 

[0015] :^^m(D^m^±mMAmE-^^<7)mm. 

1;mi. ffll^cit*^' (F ei-kTk) 100-x-y-zQx (Nd 
mtK$irfzimtfzl±2mcr)7i:m.. Qli. BtfzliC^^ 

^^j:^mt'i:>miR^nfzimtfzii2m<^7€m. ri 

{4. Y. Ce. fcj;i;^La;6^fb^-l.|¥;&^^MXSiX>t 1 
ai-XhcOTU*. Ml±A 1. Si, Ti, V, Cr, M 
n, Cu, Zn, Ga, Zr, Nb, Mo, Ag, H 
f , Ta, W, Pt, Au, Ph^)^ih.^hm^'^MSi^ 
tifzimi^J.±C07tm) X-m^ti. x. y. z, k, 
t/m^i^-Fn., 10<x£2 5Jl^%. 2£y£9. 
51^^%, 0Szgl0J^^^%, 0£k£0. 5. 0< 

M-t^rmb. mm^^mm^m\H^m±iz^^L. m 
mmf^^^±x'mm-^^mm<7)mi3mmit:mmL. ^ 

mzji-^x. mm-^mwM^^^mn-}]. b c^mmmm^z 
^m^^^jLUb. mm^MMm^mimmu-Mzj: 

-yXMi^L. Nd2Fei4B M^li^ffl ^^t£M<^-^^ 

[0016] :^mBmm±m.muif. ±imm:tjmim 
>/ ^xim^tifz^mi±m^^Am^-^^i'i^ih^m^ 
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mt^ .1 1 1 J: oT-fmSix^ o 
[00 17] 

d 2 F e 1 4 B M-fk-^ifM ^ |5I t < w\tTh ^ mmmm 

m±:i^^-?v^-m (BH) ,ax^ 1 ooxt^ht. & 
( B H ) comrmi 2 0 %vmizm 
t^fcutjizi,^^ ^m±mmm^ztiiist^:^m±m^^m 

(Y. La. Ce ) 1 5%lill^(Ct--i.i^^Sji^'S) 

[0018] 3|s:^BfltCi;ix{S\ #lji!<;j(;^i ( F e i _k ) 
loo-x-y-zQ. (Ndi-^RlJyM, (fflL. TSiCo. 
N i >{)^^>^^i¥3&*^>jlif?§a:^ ia*3t{i2a07U«, 
Qi±. BS;t{±C3{)-^>=5:Sp3&-^.MKS*l/ll«43^i± 
2ac7)7t*, Rl«, Y. Ce. i>J;VLa:^^^.^|,|| 
>0-^MU?§tt;t 1 «l2Jl±07C«. MJiA 1 . Si, T 
i, V, Cr, Mn, Cu, Zn, Ga, Zr, Nb, 
Mo. Ag, Hf . Ta, W. Pt, Au, Phy!}^^^ 

y. i3j;t/m;i)i"-fnm. 10<xg25M^ 

%(at%) . 2£y£9. 5M^%. OSzSl OM 
OSkSO. 5 , 0<mfiO. 1 5 S:)Wt-'Si^ 

[0019] 3ts:^0)!X-«i>#S!lW^r.'^r«. N dcD»>?)i 
9 . 5 a t %lilTi: J:b«^&D^i'-=5rv^#±m?a5^#l:t3V^ 

^±?l^|iE^%R 1 t LT Ce, *j J: L a 
^rl>l¥*>^>jafK$#i^c 1 aiil±07uSR 1 ^i'MA^^xS 
^i^-^**^. N d ^-g-0^#±M7C*RM(; 
^^Jt^Tl 5 at%l.:lTt3jq]x.TV^^i^:-C?>^. 

5 a t %lilThit«Wi!'-^rV^>^ci^. ^»/&iN dO«-^tc 
Jt^Tfc'^ai^/k^-W ( B H ) „3,tf0ffiT**-'2 0% 

^^Mi. ±ieiEHl^T-J5^i«i:WWil'-*OY, Ce, 
^3J;t7"LaSr-^^T■V■sTt^<, aM^<JON dW^^tSrffl 
V^-r i: t> . ll^i^ttO^l^N d - F e - Bmm^-^^t: 

im-t^^tti^m^iz^x^. 
[0020] ^mMco^±mm^xm^'^±i±. N dco 

J¥Mb LXimmmilz^lzMih i t ti^X'^ ^iSMS. 
cONd^^r«mfflV^T<^iS$tLf#-|., Mx{±\ i^yi^ 
a-^^Mi. NdmHZhl.a.'^Ce^^tiZtii^^^ 
tlX^^^-^K l^at5XU'C&cr,mi^Ndi-^t£^±m7t 
m^i^c^mc^ 1 5 a t %m'X'$>tl&. N dcDiltSeig^ 

L a^C e ^ itKW^ < -i-t^ii^T-fc -5 T i> , i 
D«MJKc7)Nd^f|iti;ffl^2;*.-^i5-ti:-rfflt^.|.ii:-C\ La 



tcet i^Ltim^-^j^t Lx^±m7tm±i^com 

coi 5at%IilTtcl)sl»§tiTV^ii{J\ NdiOWS^fi 

:3X h t:±mizw\mth ^ t ii^miz^^^ . 

[ 0 0 2 1 ] ^r*i. m.i^M.<%mizX'yXi-7-:i y7t^>'-y 
h^52r#W-rSJ^-^tfcl^T, La^C e^f<?0#± 

mrMm^^m^mm^ht. imtiUcj<7MT^. mm 

mMM. imnt. 0. 5 — 7. 0at%)OTi 
Stl-CV^.g.*i^, La^Cec?)i§rWSiEHrttC^®-r 
I. <r i: ^ . lilT, T i ^-^^-fh N d - F e 

[0022] Nd-Fe - B^-^±m^-^<^m^^ ItW. 

^m\<^<^mmm.xr'^)vyrxi\L'^hfzib\,z\t. b (4^ 

V^^7:;^^-C-$)-i>. L*^t, .rcr)J; at:B^^<?3sjDt/:: 
XhB imm^z^ts:i tl,z^hfzxb. Z(OB ifi^cr>tk<7) 

it^^BimmMxm(n7mb^^^Lxm\^ ■ fiSc;ftt^t-< 

xm>>z^^fi^Bhm<^7mhti^m^Lx . m.it<Di&\^ 
Mimi^^m^fihh. m^imm^tin-otzmh. b 

mm.<^^\ ^im^<7^T'^>vy r 7.mti^^mmm.^\,zm^ 
L. i^wj:mMm^nmmm%t^it^j:^^fz>sb. ma-^^h 

LxmiUmTLXLto. 

[0023] :LmznL. T i ^maLfzm^. T i CO 

fti^Dt'V, Cr, Mn, Nb, M o :5r fCOfiCOS^O 

m(nwmim'i:'m-^ ^tztz)fbi>z%htitz hcot^ti^ 

[0024] tcm5-^^0*M;Kiao a . B J; lA' 

T i ifiYcmm\,z'yti:\^^-^\t. mdmazi^-ixmrnm: 

o^astLSis*, ^Mwmv^\izm^him>&r'^ 

•t^fzi^. m^mMm&B,:f3^m±^^ . 

[002 5] tfz. T i ^mm-t^ a-Fe -fymiH 

^h^&x D hm^^Mm.m.mizii\^x^mi^m<^n.m.M 

N dj F e 14 Bffl^« - F e ffilJJ.i'hcD^fimttfflSr^BJc 
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e mfmna-^' =fc o ^jtKW* v yimmm-c « - f e « 
mmM^m t < jt^f l , « - f e mcom.'itjji^tmm 

[0026] ^fc. T i ^?3SJIIii:-rt'N b , Mo. 

mx-m^i'^j^^m. mmmm<7)mmi,zmtifzB:-» 

mx-mmm^'n^^ -y rz^^xu . f e 1 4 b smnis 

:7TXffltf:^)»^>a-Feffi75i$fai-r'l.. cIcOa-Feffi 
{i. T i imuLti^tm^j:>0. mmm. MMizmM 

m&n t (Di^mm^izx^x^iziio^^ti^^K^^ 0 . 
mmmmconmm^±^ <mi\:LXL^oztiz^^i>. 

[0027] ZCOi: 0 IZT i ^mHULtim^CD^. a - 

F e m(7)m±i\:^mwizmm l . ^m^c^mmmim^ 

t F e IgjB^B imZa-Fe t^^f^ r - F e ) tOa^Httl 

^a^>Ht. mi%mmi¥(7^^^^mmz'th7mbLXB 

c^y<^nmM'k 1X1 OS^C/fj.'— 8 X 1 0*°C/#g^O 
JrbKe^ffiV MmzLX a-Fe &f;f til ^ i: 
R2Fei4BMfe^ffii:r^;l'7rxffli::«»iMl£-r 

m^comwrn^mcn^ii^io. mizmMi,zmLtz:x h u 

[0028] Zcr,j:o{z^ Ti ;^)n3SjP$tLTV>S:^^. 
#±M7UlgM^^'itKS^)^i'^^l;^ ( 9 . 5 a t %I.UT) J!^^4 

im<. wm!sm<r^mmzi,m.fifzii<.im^^mm't 

[ 0 0 2 9 ] 5rfc. T i Sr#tf*«-^. T i ^: B 
LJt-fb^^iD (T i B^^i:') ;Ont^PfT-?gJ?!cSiX^^ 

'Rm^fz^^^mmmzf\i:ti: a <r h ^i'^t^^c^sr I. « 

^ h ^: . ll?t«IS|-^Ml^i^%-mimi:-ri. ^ i: ifi 



[0030] ±^c7) J: 3 T i S:#tf N d - F e - B 

^M^^^T-a. *±M7U?iap^?^'ibKWii'^^rv^ (9.5 

m.) ii^ifwm)ifm<. mmm%%.<^nmmz\,m.ivtz 
* \.\mim-mx'\i. m^^^^wmmmh ltt i ^ 

-^tfo T i §r^:e-rSJ©-^. La, C e ?t)^ A, ^ .g, 
^^'i>jaiR$ix§«±jS^M!f*!)Rl^^'MAt-CV^T^,, ^ 
«7)»3&*#±?H7U«^#:0 1 5 a t %mT-r*tL{f . SIffl 

mx:^h. t£ii. i^mmo-ymm.\zi.f\.\i. ±Moj;5 

i omM\>zi.-,x'i%ihf\.hmmm.'^±.<rm^\i^ 

\.3.^<Z^\,zi:.'>XiK%<'&-r^h^hifio-b-'>fz. m. 

oT, T\^\m%\^fzW^\Z\t^ L a^C e 0»^$IJffll 

[003 1] mmw^m^^ifwmm±m^ma■^ 

#±aTliEt)R 1 ^; LT^tJglEH«*^o Y .La, 
Ce^#tf. ft!itfO«»^0#±»^M%R 2 i: L 

T. #SlgHiO*<7)P r . Tb, DyS^#^Ta^Ti>J: 
V^. Ndi;#±?®:^M% (Rl , tfcii. RlBit^R 
2) ^: ^-^;b•^/i#±^7U«RO*:^)^ |IjaScJ:b^T2 a 
t%5|5?S-C{4N d2 F BM$S^9«it&*t--l.'fl:-^ 

fz. ^±mj€mR(7)mtK *m]:b*T-9. 5at%im 

ib. ^±m7€mR<7)mmtmi . 2 a t %iii±9 . 5 a 

t %aTcommizm^-th . 4 l < i4 3 a t %iii± 

9. 5at%Ji[T>^i^V\ §^>tC*ft t<{44at%Jil 
±9. 2 a t%JilT*^'^i.\ 

[0032] -^±m7tmRt,zici-r^^±m^mmR 1 

(Y, La, Ce) ^^^m^n 5 atX^mt^tU 

ojti^±mizi&T^^fzib. ^<^)-t^miil 5at%PIT 
T-^imff^'b^rt^. t-^r^^, -^^ctico#±»jn«R 
3&MNdi.„RlJ T^S^X^ii^. 0<mgO. 15 

imfz-t. tfz. wmzixhii&mi-^fz^^zii^ mm 
comM,mmm^tL^ m o ^zt^x^x . ^±mMmR i 
coM^i^<xijX\>^. ^m^cr)N dmm'km\'-^-rth. 

ti^X^h^^(^Xhh. ZCOfzit). ±iBm(4. 0.0 1^ 
mSO. 1 ST'SboTt; j;v\ §^,tcffir3Xht:M-^ 
^^i¥m~t^fzMZit. ±iEm{4. 0.05 gmg 0 . 
1 5X'h'oXi>X^\ 

[0033] tfz. ^±m^WMR2 ( P r , Tb , D 

y) *^tfj^^. ^m±m7€mRi,zm-hR2<n-k^m 

3&i2 5 a t i: . SJlftMi^:ft?l^5&^±# <m 

-fbL, ^*NdO*^0»Ax^^;l.^-m (BH) 
t:J:t^ (BH) ^^^i]^2 0%a±i&T-ti> . ZCOfz)^. 

^m±m.m&i,zM-t^m±MmmR2^^^mii2 5 
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m±m7VmR^}^ (Ndi.„.„Rl„R2„) Xm^tlht 

#^ o<n^o. 2 5^mtz-r^tt>m.^L\'\ ^tz. 

^±m^4mR 2 (O-^^m:^^ 2 O a t ( n g 0 . 

2 0 ) ThflllT b , D y t:-:3V^T{i^ffifi^O:ft?]5tt 

0 t^iW^MftR 2 <r)-^^m^2 5 a t %OTtcpSff 

R2iO-^^r*n«. 0. 0 5SnS0. 2 5 fS) >I i: 
3&^ii4L<. S^tCO. l^ngO. 2 5-C3!>S^^:*i 

[ 0 0 3 4 ] ±ia#±ffi^m^R 1 i: R 2 i: 

2C0^S-^m+n{±, 0<m+ng0. 2 5T-^)-S.^t 
ti. 0. l^m+n^O. 2 5X'h^^t^^^izmt 
[0035] B{i. lOat %lilTT'{i?«#:m^^i£Srffl 

mm^titi:\^. u-^x, Boymsim^t. ioat% 

4L<{i. 1 Oat%j:i9:;^§<2 0at%mTt=IS^ 

•rS^O:*i^<, § L<{±1 0. 5at%m±2 

Oat %]irf^mM\>zmM-ti>m^^^^ . t^a, bcds 
o%^xicxmmLx ij J: < . mmm 

[0036] F e HffWtCiMOTCiSO^^^ 
^t)K F etO— SP^C ofc j;t/:"N i O 1 a4/tii2a-C■ 
m^«{i0%Jil±5 0%JilT^^^g|atRB^§i^^« i^. 
Co^g^-r5^i:T-H,jC7)[^±-rSi:i:tt:. Nda 

±.-t^, z<^wmM.coMt.L\^mm.±. 0. 5%a±.i 
5%aTxh^. 

[0037] tfz. mmiimMt lx. a i . s i . t 

V. Cr. Mn. Cu, Zn. Ga. Zr. Nb, 

Mo, Ag. Hf, Ta.W, Pt, Au, Pbi7)ia 



*\ mmTtrnMcommtmn o atx^mthtm^t 

c^ffiTSrffl Kfzlsb. Oat %l,Xfc. 1 0 a t %lilTtKS 
ifS L<{i:, 0. 1 at%m±5 a t%JilTt 

m^^fi^ . m-t L^^mmmmxitmaimMitT i t: 

'M-'f^tstlK T i(7yMmtmiO . 5at%iil±7. 0 

a t %mTT-ft S i h ?&i'M4 L V> o 

[0038] liiT, *^BJ!o 1 mmwm^tm-t^ . 
mmmmxii. mtii. mit,z7^-tMi%mmt:m^^x± 

tmmi^^i N d - F e - BmmpG^±^:mm-t^ . 

MitL'^'t^^N d^F e ^-^tsm^-^A^T-Mit^W^fz 

T^im^'^mm^^x'^^mmxM^m'^i-t^. ^ 

'iS^^'Xk LXi±. ^')^J^^fz\tT)V^ym<r>m:^~X 

"^mm^mv^^zht-x^ h ., ^r^, mmitndh]^m 

mzKiXiL'^^^-^fzi^. -^.U 'yM.t.fziir}V^y^j:i:cr, 

[0039] miifm^mm.'] m i <ogs±. 

{i^vS'ffiTyxSHM^ ffiS L , ^ ol±:t3 insist- ^ 

ti^'^^t^mm^-^commm. mx ximi^m. 2 ^mx-t u 
01 (a) \t-^wmmmxh^. mi (b) ji. - 

[ 0 0 4 0 ] 01 ( a ) IZ^^fl^ i 5 tC. ^tP^ 1 

0 ^W?a(cT?tWt-|.}t)»^3 h , jegEt:ai^^yX;l^5 

^^■f--i.Mf^i«^4 t , ±Mt03tA^W$fJtooie^il 

^fi>tTv^§. n%m^A{mm^^(omm2 1 ^i? 

[004 1 ] l'.l^r^2(d. m^-/X';tx5;^)>A,m5"d§»2 

1 ^■^■x%m.mthfz>^<Dmm%mu~)vi ^^tx^^ 
[0042] i^osstt3UT{±, mmm. 1 *5 

l?:Slfl,;^?'xfiti^P 1 b. 2b. fcitf 
8 b i: ;>!;fXf la, 2a. HXt/Sa-h ffimW.'^m. 

m-^j:m^i<zm.\-f^tix\^h. mz^'xm%u2ei\^. ^, 
<^m2n<^mns.^ 3 o k p a— (^mj±) oiehi 

[0043] ?g»F3 "9 . a- b 6 

tT-^-^2 1 ^if^^ii4i^(ciga:ar5.io. mWi2 1 

[0044] wMm^A(^d!,myx)v^{t. mmmih 

m}%m2}i<DmmzwM^fi. mmm-^An<7^mm2 1 
^Ti5i,z&M.'th{^M\^-)V7 <Dmm^zm:T^Mh . m 

^yX;^5<7);4-y7-i'X@{4, 1^Ji{fO. 5 — 2. Om 

rnxh^. m%2 i<r)mi.-h^±^\^^-^, m'M2 ititn 
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mm.1 tM^m2 t<7)wnzm:hm-mm-^ii. mm2 1 

[004 5] ^^^|]^-;^7{±. Cu, Fe, S;"^aCu 
"^F Gi-^ts-^^^^-i^mfS,-t^^btmtL\>K Cu^ 

)Via^mMiMUf3 0 0 — 5 0 OmmT-^)!.. f^SIn 

[0046] HI mUf-^t\ 1 0 

§ : 1 0 — 3 0 0;L(m, g : 2 mm— 3 mmCO-^#?f^ 
(^#'J.ii>) 2 2i:^i.„ 

[0 04 7] S-r. Hfrai^0fflfi!t5tT•|S^l 

SiX^Mf4-^<0?^^2 1 ^fmt. m 1 

?^Mi7)}§fp^ 1 (DWM^^ 4 izmt mz , .icrfS 

)U7 ±.i,ziiim^tL. i^mr3~)U7 tcow^mi>zj:'oxmi^ 

[0048] ^mimw^^^. mm 2 i coi^mmmi>z 
mtx. i^mmm^ i x i o^— i x i o^°cxf}f t-t^ 

Zbmitl-<. 1 X 1 0*~1 X 1 QS'^C/'^ii-f-'Si 
ttt^mzMtL^K 

[0049] ^^(DMM 2 1 :/}'^{%m\=>~Jl' YizX-yXi^ 

iz, ■^^co&&iii&TL. mi^m'mmtmi^z^xh. 
mmM:^'xi,zm^mhrL^^W:. ^co-i^mimzi&T-t 

-^mMmmXM, SHM;^''xcoJ±:^^ 3 0 k P a— 

^ffi<7)*Eiiirtii^stTv^^fci>6. mmmji:^\zi.hm. 

"9 . -^ftJtN d2 F e 14 BM'fb-^^CO^ 

3 ti:<^n'&m.^mzm^^^^\,zii\-^x « - f e ^^^^ 
[00 50] ^^m'mMxxt^ x2~)vmM^^^ 1 0 m 

/^'lJJl±3 0m/#iilTOiEHl*It:iitfft. #ffl 

^J^3 OkPaI,:Jl±.t-r.|.i ttir-t-T. T%SS5 0 
nmJiHWtM^R^ F e 14 BM^t-^ifM^-^OltJ^-^ 

[ 0 0 5 1 ] ^-io. -^A^f?t<7)S?^ffi{i:. ±}*0>Va- 



[00 52] ilBmilJffi^Otf , X b U -y T^-vX b 
ffi^0^^^i^3SS{i;i:bK&m< . ixios— 8xi o*°C/ 

X h i; ~yr^-vx b&t: j;l>*i-^f t F el5Dilli*:-t-^ ^ 
T ii7)-fi:i5Dt:C V, Mn. Mo. Ta. 

-(j/^ft\m^m^y^fz^\iz\t^ xb u -yr^-^xh 

m^mv^xm^^^^mm^xi.. Fe^0fH^^<#tf 

[0053] [Sfe^M] *IIM?^®,T{±, HftMS^r;!^ 

■dy%m%^xmi^h . *f ^ t < ^i'ajiffiSr 5°c 

2 0 ^C/e-^ L 5 5 0 °cm: 8 5 0 'ClilT^O 
?aJKT-3 0=p>tJLh2 O^^mTc^ierraffiSf L/^ft. 

l^^-Cg{W»'5rN d 2 F e 14 B^^ffi:«>i#ft tTV^ 

^ . a - F e ffi^ffi<7)|*Hl,ffl Offl:^lt;:)^ ffPSO § tl . 
N d J F e 1 4 B Sr^Ss^afflJili'hiO^^iJiStffl ( ) 

[ 0 0 5 4 ] mSmiMMifi 5 5 0°C?rTIIII. i: , 

■oXit. %mJlifi^y}-^sV^MzmLts:^^i^-^ti^hi>. 

mmt^^it-t^. zcr>fzib. mmm^mt5 5 o'ca 

±8 5 0T:i;m^»t t^W. X*)ilt tv^mMM?aK 

OiEHii: 5 7 0 'CVXt 8 2 0 'ClilTT* -g. <. 

[0055] :mimmxi±. »Hm^xt j:^-;^}^ 

in5?I:SiO/-c46, :ii?^^^^4't:?E:^i-^*ON d 2 F e 14 b 

Mi^-^MzMLxwLtx^^Bimmm^n^xh^j:^^^ 
-g.. ^c7)7-c(s^, Ws^aimmmii.^mn^zsMc'yjimxu 
tLw ^a. mMi,zimLxi&\^i§^<7)mmmxi>^ 
[00 56] mmmmmmt. ^^comi\:^m±^^fz 

y), 5 0 k P aJi[T<7)A r ;^?'X^N2;!5fX^rt'£7);f iStt 
:ffXifiW-t. LV\ 0 . 1 k P alJtTcoKStt»-r'^a^ 

[00 57] ^35!iatfroM?^-^^*t::ii. N d2 F e 14 
Bm.it-^miii.-(fr'^)Vyrxm\i}^Hz^ FegB 
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^mmmim mtUF e 23 Eg ) ^« - f e ^mm. 
[00 58] ^mtmmcom^. m.m:mza- f e j; 
ii'^mnM.ffmizx^xmmmizm-^-^hfzi^. mtitz 

[00 59] mMmmizmi-h Nd^F e 14 BM-ft-^t^I 

^coWi^ikm.mi. mimihm^xh^ 3 0 0 nmiii 

Tt^i>iii'mti^h D . 2 0 n mlil± 1 5 0 n ml.:JiT'CS) 
^ i i: ;^;W4 L < , 2 0 n mlili 1 0 0 n mi;XTX'h^ 
Ztii^Wt^zm-tL^K :itHznL. ffli-fb^M^a-Fe 
mcO^i^m^^m^ 5 0 n m ^ ® i. I, i: . 

«&< ic^s#ffl36^ii4 ^9 , mmmmc^Amm^m^tt 

hfzi^. (BH) ,,,*iffiTLTLi .rti<^c7)^±^ 

m±«0^i:3&»^>, WbiPWfi^tt-Feffi^t'iOf^ 

mttffl^^^±^SStrB©f^« 1 n mlil±5 0 nm.X:XYXhh 
Z t m'^t L<. 5 n mlHAL son miy,T-C*.g. ^ 1 

mzM^LVK 

[ 0 0 6 0 ] m^miz^.}^-^^enm^^m.<m 

mtfcim^Lxiii-^xi^x^K 
[006 1] mMfms:. n^ttfzm?BimfmL. m?B 

X'oxm^(7)^^yvm^t:mm^hztt'^v^^. r^y 



(Nd..„RJ,Fe„B,,TU 







R 


H,j(kA/m) 


(BH)„..(kJ/m^) 


B,(T) 


1 




0 


700.0 


120.6 


0.83 


2 


690 


Y 0,08 


678.3 


113.7 


0.8? 


3 


660 


La 0.08 


685.4 


115.5? 


0.82 




660 


Ca 0.08 


634.9 


104.2 


0.81 




670 


Pr 0.08 


687.1 


121.G 


0.83 


6 


700 


Tb 0.08 


755.7 


119.4 


0.82 


7 


720 


Dy 0.08 


731.6 


112.3 


0.81 


6 


740 


Y 0.17 


475-1 


65.1 


0.79 


9 


680 


La 0.17 


518.4 


77.5 


0.79 


10 


690 


Co 0.17 


243.9 


32.4 


0.63 


11 


700 


Pr 0.17 


643.0 


111.6 


0.80 


12 


760 


Tb 0.17 


783.7 


108.9 


0.7G 


13 


780 


Dy 0.17 


769.7 


103.3 


0.72 


14 


720 


Pr 0,27 


652.6 


92.3 


0.75 


15 


790 


Tb 0.27 


922.8 


85,4 


0.69 


16 


800 


Dy 0.27 


883.4 


79,5^ 


O.60 



[0067] mm^\,zm\^tz^^^-)mi.. &mzm. \t'^h-:>u^xmm^fifzm. ^Mumh^^-^x^') 



[0062] ±iicD4i">'KM5SrfflV >-C^-^^=T:?'^ 

[0063] ^\^fzmmMkm^m&^^yYmam 
lizm^h^-kM. ^mmm^2 0 oxdnOTt^^r-i. i a 

mi 3 0 /i mJil± 1 5 0 mOTTS) S „ t.fz^ W-Wm. 
?^4^>K^5ffltCfflV^-&*#-^{i. 0 Ox^mOT 

\,zts:hi.^\.zmm-hZhifimt.'L<. iOSF^Lv^^ 
M<^m'mtmi 3 0 miy.± 2 5 0 At mOTT-fc ■?> , § 
t:*f ^ L V ^JEBlti 5 0// mliJLh 2 0 0 xt xiy\:XFXty 

[0064] ( mmmam^mm ) rieo^ i ts^-r 

J; 3 tc«±W^M!f^R , mmffi ( N d 1 

RJ 9Fe76Bi2Ti3 (at%) -C-^i^S^X^H^-^ 
Ai^Sef4 (No. 1 ~N o . 16) *ft»L7^^„ ^Ifift 
*f«^l./iA6t, 5%m±<0B. Fe, T 

i, Nd. R (Y, La, Ce, Pr, Tb, ^/Ir^D 

A) L. ^H-g-otJi^tJ^Lf^o 55rio^lt:i3i-iTR 

T-iK-tfitJi, #±S^M^l!JR0^3g0^i:^0-ir^- 
^^hmtm^iVZH'O . mnt rvo. OSj 
NdSr#tf^#±PjC* (Ndi.„R„) Y;?)^8 
a t tLT V i i: ^ ^ tT V . 
[0 06 5] iSI^No. 1(±, #±ffl:^^^^-g-i^rV^ 
^fiNdtO**^^^L-Ci>D. ISWNo. 2~4fcj;L/;' 
8~1 Oii, #±^:^M!rili;LTY, La, CeOd-*^ 

iiit^'i 1-1 6a, ^±mmmwc ltp r, Tb, 

[0066] 
[jftl] 
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0^Ctc|S5EL^-o 

[0068] -^-^mMc^yMm^ 26. TkPacOAr;^?" 

$^x^ j; a \<zp^mtnm^fi-^j:t)^^m^^h . ^cntz 
46. 'J 7 >f xti-^^^cTLfz-k^mmiri-fvmmiizm 
mLxm^mhti-o-j. mMrnn^i^zmif^K^ ; 1 1 

=i=4^t«<ffitX;^U^^y (tl: 2~3mm. «:§ : 5 0 

iSSrCuKaO#'|tXi^SrfflV^TP^3ti:>I6. No. 
l~No. 1 6^0l^■fy^^0lfiWiJ^^^-v^°^'->"C^> 

[0 0 7 0] No. l~No. 1 6CCiliJ^-^#^ 

^2ms Off! t^^iKiMa?a.K-c-#.t.j^^A ^ 6 jf^m 
fflv ^mAcom.%mm:m^ Ltz . iMcom i (r)^m 

(ry^mi. fm^FHcj (kA/m) . *±x^.;i^^-m 

( BH ) ( k J /ms ) iiit/^l^mWiKB r 
(T) ^^K^-ixmLX\^h. 
[ 0 0 7 1 ] S 1 ti-tyf^a^h J: a tc, tT R 1 

(Y, La. Ce) ^ (r>mfi^±Wjm-^ 

#:OS a t %Xt> 0 (No. 2 —4 ) 1 5 a t %\:XY<n 

f*^:^Hcj*^rS<. «±JB<?3^»:^^"Nd£7)**^ 
(No. 1 ) lCjt<T«>^x^-;I^df'-W ( B H ) „,,C7) 

tr . R 1 cry^if 17at%(No. 8—10) Xty D 
1 5 a t %^m.i. i.*!-^. »:^X;tVk^"-a ( B H ) 

[0072] ifc. tTR2 (Pr. Tb. D 

y) Sr^tfi»^. ^S0*:6i#±^7U*:^#:iO8at% 
(No. 5 — 7) a^cfil 7 at% (No. 11 — 1 
3 ) T-S!> 0 2 5 a t %l^J.T<r>^. ffi?l:*3Hc j3&«*< . 



#rHiO^**iN dCO^^ (No. 1 ) tCit^Tft^^X 

^^/tx^--m ( B H ) „ , , com:^^ 2 0 %m±ffiT t T V 
\,-^Zt-A^t>fj':^. ZfUzmLX^ R20S?&i'2 7 a t% 
(No. 1 4— 1 6 ) ■fS>i92 5 at%&®x..|.J%-^. 
&±3^^^J\^^~m (BH) „^,Ofi3&i±#<ffiTtTV^ 

[ 0 0 7 3 ] ^io. N o . 1— No. 16crMmcr,mM 
Ilf*«A«fflil(COV t C u K « £D#ttxm(: X^M 
^ti, ^COmM. V^-ftLCDlfiWtCi^V^TtRaFeiiB 
ffi^: F 6 BgiS J;t/F eg BCOF e - Bffi;i)iffiig§^X/i 
No. 8— 1 0 ii/'No. 1 4— 1 Gt^-PUTJi 
^#^rce - F e OHJilf h-^ i^i^ifCillSS^li^c. ~t 

[0074] 

mmcomm} :^^miz2:mi. n d - f e - Bmrns 

Y. Ce. LaOlt^»>i>^"SS§tlTV>§/cii6. ftW^ 
]«^^NdSrffll-i-ri:i>. Y. Ce. LaSr-^tf^ffi^ 

[HI ] ( a ) {i. *^0fltcJ:-l.i^»#iJS-^#il5co 

^c7)i^±mxh^. 

lb. 2b. 8b. ij j;?/9 b #HM;^''-Xft$&P 

la. 2a. 8a. iiit^'ga Tj^'X^fMP 

1 

2 

3 

4 

5 \^m/X)v 

6 o— b 

7 

2 1 

2 2 ^^m^ 
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[HI] 

8 
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